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In the context of the FET11 Conference held in Budapest on May 4–6, 2011, a Parallel Session was organized both
s an outcome and a dissemination activity of the FP7 FET-funded project ComplexEnergy, coordinated by Innaxis
nd Create-Net. Carlos Alvarez Pereira acted as introducer and chair of the session, while Daniele Miorandi, Nikos
atziargyriou and Pablo Viejo made presentations with their views on the topic. Around 50 persons attended the
ession and participated in an open and vivid debate on the issues mentioned. As well as a summary of the session, the
ollowing point out to the main concepts involved.
First of all, the originality of the approach proposed by Innaxis and Create-Net is in the mixing of disciplines, namely
o different research domains as Energy, Information and Communication Technologies and Complexity Science, which
p to now have shown few areas of overlap and weak degrees of interaction.
broader view of Energy challenges
It makes little doubt that Energy is a critical challenge of our civilization for the decades to come. It has been shown
hat above a certain threshold which is characteristic of rich countries, Energy consumption per capita grows fast for
ittle improvement in real wellness, as measured f.i. by the UN Human Development Index (HDI). This points to a
ominant trend of “resource-consuming prosperity” which is unsustainable in practical terms, especially now that most
f humanity is heading fast towards economic development, led in this by China, India, Brazil, South Africa and other
o-called “emergent countries”.
Energy research has been for many good reasons focused on fundamentals like making new sources (e.g. all sorts of
enewables and nuclear fusion) technically viable, extremely secure, cost-effective and as much CO2-free as possible,
nd also on some very relevant collaterals like large-scale energy storage, which is badly needed in order to complement
ntermitent sources like solar and wind.
These research directions are packed with tough scientific and technical challenges, many of them related to funda-
ental physics (among other objectives, breakthrough advances are needed in order to make nuclear fusion possible).
here is no surprise that little effort has been devoted to mix Energy research with domains without an obvious connec-ion with such basics. But, as exemplified by the societal challenge implicitly mentioned above (how do we imagine
“resource-preserving prosperity” and make it universal, equitable and sustainable over time?), there are many more
elevant dimensions to address Energy research challenges, and many of them just need to be thought in terms of
omplex systems.
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Complexiﬁcation of Energy
A set of trends at the confluence of economy, politics, technology, culture and society are driving the transformation
of Energy Systems. As these become larger and more heterogeneous, and integrate elements having unpredictable
behaviour, old approaches for their modelling, control, management and governance become outdated.
In particular, those trends include:
- More decentralized patterns of production, mainly due to the increasing role of renewable energies (but even for
nuclear, small-scale devices are envisioned). Whether or not the radical paradigm of “prosumers” is fully realized,
i.e. making every home and almost every individual both a producer and consumer of energy, decentralization and a
huge increase in the number of relevant actors (up to millions in certain scenarii) seem strong enough to transform
the landscape of Energy Systems.
- Due to both decentralization and the intrinsic intermittency of sources like solar and wind, a strong need for redefining
network structures and functionalities, and for coupling energy production, storage, distribution and consumption
with rich flows of information which will be needed to ensure stability and an efficient management, hence the
emergence of the concept of “Smart Grids” and, more generally, “Smart Energy Systems”.
- Profiting from that, a strong push by the Information and Communication Technologies (ICT) industry to enrich
Energy Systems with sensors, communication devices, databases and applications and, looking forward into the
future, to transform the whole sector in a dramatic way, from low to high information intensity.
- The general trend towards liberalization of economic activities, development and integration of markets and opening
of sectors and countries to investors, which produces regulatory changes and destabilizes traditional structures and
governance processes.
- The combined pressure of climate change, environmental concerns and foreseeable scarcity of traditional sources
(in particular, fossil fuels), which produces strong policies, especially in the European Union, to encourage lower
carbon generation, the use of renewable sources and a drive towards efficient uses of energy. The extensive use of
electric vehicles is a good example of a technological response to that pressure.
- In parallel with that, dramatic changes in the social perception of Energy and its benefits and drawbacks, as well as a
strong desire for making decision processes much more participatory and open to citizen’s voice. This is especially
true and relevant at local and regional levels.
- Not the least, in an always-connected society in which media play a crucial role in building social perceptions, the
global impact on mindsets of local dramatic events like the recent disaster at Fukushima.
All in all, the mentioned trends acting on Energy Systems produce an increase in the number of autonomous actors
(hence of autonomous sources of demands and constraints) and in the density of connections and interactions between
them. These are exactly the requisites for considering that the techniques used for describing and understanding
Complex Systems can be fruitful.
That said, can Complex Systems Science provide us in this context new approaches and tools for modelling,
controlling and governing Energy Systems in a better way? Does it open a pathway towards higher forms of organization
in the field of Energy? Do we foresee more resilient, adaptive and sustainable Energy Systems?
From the opinions of a wide range of experts having participated in the ComplexEnergy project, the answer is
undoubtedly positive but, at the same time, the interactions between the Energy, ICT and Complex Systems research
communities are still insufficient to translate academic research into new paradigms for the design and governance of
Energy Systems.
As next steps in the right direction, ComplexEnergy also identified the key elements in two dimensions whose
intertwining will produce relevant outcomes in the future of this interdisciplinary field. First is the translation of
the macro trends described above into specific challenges faced by Energy Systems. Second is the identification of
particular techniques and knowledge domains that can be useful to address these challenges. The combination of both
is the basement to advance towards new R&D projects involving expertise from Energy, ICT and Complex Systems
domains, as well as receiving proper attention from the industry.
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he Path Forward
Regarding specific challenges of Energy Systems related to ICT and Complex Systems techniques, the following
re found to be the most relevant:
Decentralization of system intelligence and control, to profit from opportunities for local optimization. Balance
between centralized and decentralized paradigms of management.
Adaptability and resilience of networks, facing the integration of many different generation and storage options, as
well as stochastical local phenomena with potentially large impacts at global scales.
Exploiting the large heterogeneity of consumers and use cases to try new delivery models (f.i. dynamic pricing) and
to improve management of Energy Systems (f.i. by flattening the demand of electricity, in spite of the many sources
of uncertainty in the demand by households).
Ensuring representativeness of results obtained in models and simulations or small-scale experiments to larger scales
(scaling-up).
Self-organization and self-healing of Smart Grids through microgrid architectures and virtual power plants.
Predictability of systemic behavior, considering endogenous and exogenous sources of uncertainty, the coupling
between different scales and potential emergent phenomena.
Providing a framework for cost benefit assessment in the replacement of infrastructures.
Understanding the interdependencies between policies, regulation, technological evolutions and economic impact
in an integrated manner, in order to produce better policy making.
Simulation of European-wide integrated Energy Systems, both in terms of market and operational aspects.
On the other hand, the following techniques and technologies, typical of Complex Systems approaches, are deemed
o be useful for developing the full potential of an “ICT-enabled Energy System”:
Multi-scale agent-based modelling,
Modelling of complex networks,
Modelling and control of stochastic systems and uncertainty propagation,
Game theory for particular cases with limited number of actors,
Advanced techniques for massive data mining,
Integration with geographical information systems and other visualization techniques.
As a conclusion, both experts involved in the ComplexEnergy project and the audience present at the parallel session
howed confidence in the Complex Systems approach to be applied fruitfully to Energy Systems. Moreover, some of
he representatives of the industry showed their interest and willingness to participate in future R&D projects along
hese lines and to facilitate access to real data, one of the major obstacles to overcome when using the approach of
omplex Systems.
